The mucoprotein slime coat often found on fish bodies act as defense against invasion by microbes and other environmental dangers. There is an increase in the incidence and emergence of multidrug resistant microbial strains, which has necessitated the need for newer antimicrobial agents. With this background, the aim of this study is therefore, to assess the antimicrobial effects as well as wound healing properties of mucin isolated from a catfish slime coat. Collection, precipitation with 96% absolute acetone, isolation and preparation of the mucilage from the slime coat of a live catfish was performed to obtain the powdered mucilage or catfish mucin (CM). The antimicrobial effect of the CM was evaluated using the agar dilution technique, and the minimum inhibitory concentration (MIC) were determined against Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Pseudomona aeruginosa, Salmonella typhi, Klebsiella pneumonia, Candida albicans and Aspergillus niger. The wound healing effect of CM was also studied using wound healing excision model in rats. In addition quantitative biochemical analysis of the constituents of the catfish mucin was also performed using standard procedures. The CM exhibited antibacterial activity against Bacillus subtilis, Klebsiella pneumonia, Salmonella typhi, Staphylococcus aureus and Escherichia coli with an MIC value of 3.0, 3.0, 5.0, 6.0 and 6.0 (all in mg/ml) respectively, with no appreciable activity against Pseudomonas aeruginosa, Candida albicans and Aspergillus niger. Biochemical analysis of CM showed the presence of carbohydrates (76.31%), moisture content (10.86%), proteins (7.38%), ash (2.34%), fibre (2.06%) and fats (1.06%) per 100 mg of the mucin. While wound healing study showed that CM reduced wound diameter and increased the rate of epithelialization in the increasing order of 40%, 10% and 20% preparations compared to penicillin G, a standard agent. In conclusion, the catfish mucin, a glycoprotein from the slime coat, exhibited antibacterial activity with bactericidal potentials and possesses wound healing properties.
Introduction
Wound healing is a physiological process of repair proceeding injury to the skin and other soft tissues in humans and other animals. It is a complex cellular event which includes resurfacing, reconstruction and restoration of the tensile strength of the injured tissue. Upon acute skin injury, as the barrier is disrupted, neutrophils, monocytes, and macrophages are recruited to the site of injury . The body of every fish is completely covered by a mucus layer known as the slime coat.
The slime coat acts as the fish's protective agent likened to the human's top layer of skin responsible for keeping out harmful substances and regulating the fluid within the body. Catfish produces mucin or mucus, which is secreted as massive aggregates of high-molecular weight glycoproteins found on the surface of epithelial tissues where they act as lubricants and protectants 9 . It has been shown that mucus plays a role in the prevention of colonization by parasites, bacteria and fungi 10 .
They are mainly secreted into the intestine but also in airways and other body membranes 11 . In an earlier study, Adikwu and . Therefore, this study is aimed at evaluating the antimicrobial activity of the mucin from catfish, and its possible applications in wound healing.
Materials and Methods

Animals
Adult albino rats of either sex weighing 120-284 g were used for the study and they were obtained from animal house facility of Microbiology, University of Nigeria, Nsukka.
Sample collection, validation and preparation
The catfish was obtained from a river in Ogurugu town, Uzouwani Local Government Area of Enugu State, Nigeria. It was identified by Mr. Imah of the Department of Zoology and Environmental Biology, University of Nigeria, Nsukka. The slime coat was carefully scrapped off with a blunt knife and then precipitated using 2000 ml of 96% absolute acetone. The precipitated mucilage was air dried and then pulverized using mortar and a pestle. The pulverized powder was sieved using muslin cloth and stored in the refrigerator for further studies.
Quantitative biochemical analysis
Quantitative biochemical analysis was carried out to identify the presence and quantity per 100 g of carbohydrate, protein, moisture content, crude fiber and fat using standard procedures 14, 15
Wound healing excision model
Rats were divided into four groups (n=5). Groups I -III were treated with topical application of 10%, 20%, and 40%
concentrations of CM respectively while Group IV, control, received penicillin G. The animals were anaesthetized using chloroform by inhalation 16 . The hairs on the dorsal region of animals were scrapped off. A wound seal of about 2.5 cm in diameter was impressed, and the skin of the marked area was excised. Animals were fed on a standard pellets diet and water ad libitum. The excised wound was used for the study of rate of contraction and epithelialization. All wounds were of fullthickness type, extending up to adipose tissue 17 . The treatment was done topically using 10%, 20%, and 40% concentrations of 
Minimum inhibitory concentration (MIC) of CM
The agar dilution method according to the methods described by Esimone et al., 18 and Gupta et al., 19 were employed.
Arithmetic serial dilutions of 50 mg/ml stock concentration of extract were made using sterile molten nutrient agar to obtain final agar concentrations ranging from 1 to 10 mg/ml. The plates were allowed to set after which they were dried at 40 °C for 20 min. Thereafter, the nutrient plates were streaked with the test organisms and incubated at 37 °C for 24 hrs and 25 °C for 24
hrs for the bacterial and fungal test organisms respectively.
Subsequently, the MIC of the CM was determined.
Statistical analysis
Data obtained was analyzed using one way analysis of variance (ANOVA) subjected to Dunnett multiple comparison post hoc test. Differences between means were accepted to be significant at P < 0.05 and the results expressed as mean ± SEM.
Results
Quantitative biochemical analysis
The biochemical analysis of CM revealed the presence of essential biomolecules such as carbohydrate, protein, fibre, fat, moisture and ash. Among the components, carbohydrates were the highest with the 76.29% per 100 g of the CM, while the lowest was total fat with 1.06% per 100 g. The moisture content is also low, 10.86% (Table 1) . 
Wound healing excision model
The result showed that the CM exhibited no significant (p<0.05)
wound healing effect compared with the standard agent, penicillin, through rapid wound contraction and epithelization.
There was a progressive decrease in the wound diameter of the animals treated. The percentage wound closure exceeded 50% on day 10 for 20 and 40% preparation of the CM, while that of the standard drug showed 34% (Table 2 ). There was 100%
wound closure with complete epithelization before the 22 nd day of treatment. On the contrary, penicillin was not able to cause complete wound closure on the 22 nd day of treatment (Table 2) .
Preliminary sensitivity studies of CM extract
Some of the test organisms namely B. subtilis, S. aureus, E.
coli, S. typhi and K. pneumoniae were sensitive to the CM extract at both 5 and 10 mg/ml. However, P. aeruginosa, A.
Niger and C albicans were all resistant at all the three concentrations of 1, 5, and 10 mg/ml of CM extract (Table 3) .
Minimum inhibitory concentration (MIC) of CM extract
The MIC of the extract against B. subtilis, S. aureus, E. coli, S.
typhi and K. pneumoniae, in mg/ml, were 3.0, 6.0, 6.0, 5.0 and 4.0 mg/ml respectively. The extract had no inhibitory effects on P. aeruginosa and the fungi tested (A. niger and C. albicans) (Table 4) .
Discussions
Mucin is a glycoprotein compound. extracted cat fish mucin (CM) in this study showed potent wound healing and antibacterial effects. Values are mean ± SEM (One Way ANOVA; Dunnet post hoc test) significance at P < 0.05, compared to positive control, n = 5, Pen = Penicillin. The quantitative biochemical analysis showed that the mucin is made up of mainly carbohydrates compound, which gave 76.29% of per 100 g of mucin. The protein, fat and fiber contents of the mucin were 7.36, 1.06 and 2.06% respectively.
The antibacterial and wound healing activities of the CM could be ascribable to one or more of the biochemical constituents identified in the CM. However carbohydrates and proteins, the major components of CM, have been identified to possess wound healing effects and often contributes to modulation of wound healing 20, 21 . The amount of carbohydrates found in . Therefore, the CM also showed modulation of wound healing. All the parameters observed for wound healing activity were significantly affected. A moderate to effective antimicrobial activity of the mucin extract against pathogens has been observed. Furthermore, more work is hereby proposed to isolate the specific active components of the cat fish mucin responsible for the observed wound healing and antibacterial activities together with its mechanism of action. 
Conclusions
The mucin extract from catfish has demonstrated excellent healing wound effects more than penicillin, the standard drug. It also has antibacterial activity, which could have an indirect effect on the wound healing activity observed. The biochemical parameters could be utilized in formulation of highly nutritious food supplement consumable by both humans and animals.
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